Background-The survival difference between off-pump and on-pump coronary artery bypass graft surgery for follow-up longer than 5 years is not well-understood. The objective of this study is to examine the difference in 7-year mortality after these 2 procedures. Methods and Results-The state of New York's Cardiac Surgery Reporting System was used to identify the 2640 off-pump and 5940 on-pump patients discharged from July through December 2000. The National Death Index was used to ascertain patients' vital statuses through 2007. A logistic regression model was fit to predict the probability of receiving an off-pump procedure using baseline patient characteristics. Off-pump and on-pump patients were matched with a 1:1 ratio based on the probability of receiving an off-pump procedure. Kaplan-Meier survival curves for the 2 procedures were compared using the propensity-matched data, and the hazard ratio for death for off-pump in comparison with on-pump procedures was obtained. In subgroup analyses, the significance of interactions between type of surgery and baseline risk factors was tested. In this study, 2631 pairs of off-pump and on-pump patients were propensity matched. The 7-year Kaplan-Meier survival rates were 71.2% and 73.4% (Pϭ0.07) for off-pump and on-pump surgery, respectively. The hazard ratio for death (off-pump versus on-pump) was 1.10 (95% confidence interval: 0.99 to 1.21, Pϭ0.07). No statistical significance was detected for the interaction terms between the type of surgery and a number of different baseline risk factors. Conclusions-The difference in long-term mortality between on-pump and off-pump coronary artery bypass graft surgery is not statistically significant. (Circ Cardiovasc Qual Outcomes. 2012;5:76-84.)
P revious studies have found that off-pump coronary artery bypass graft (CABG) surgery is more likely to be related to lower rates of graft patency [1] [2] [3] [4] and complete revascularization 2 compared with on-pump CABG surgery. Therefore, off-pump surgery may be related to a higher rate of repeat revascularization [5] [6] [7] and mortality in the long run 8 ; however, the relative benefit in long-term survival following off-pump and on-pump CABG surgery has not been thoroughly studied, and there is limited information on the relative risk of death in the follow-up period of 5 years or more. 8 Using the data of the New York State's Cardiac Surgery Reporting System (CSRS), we have examined the differences in mortality for up to 3 years between off-pump and on-pump CABG surgery 9, 10 ; however, it is unknown whether the relative survival of the 2 surgical techniques during longerterm follow-up will be the same as it was observed in these 2 studies. Therefore, the purpose of this study is to examine the difference in 7-year mortality between off-pump and onpump CABG surgery.
Methods Databases
This study used 2 major databases, New York's CSRS and the National Death Index (NDI). The CSRS is a statewide registry that records all major cardiac surgical procedures performed in nonfederal hospitals in the state of New York. The CSRS has been in place since 1988, and it is managed by the state's Department of Health. For each cardiac surgery case, the discharging hospital collects detailed data on patient demographics, preprocedural risk factors,
WHAT IS KNOWN
• Previous studies that examined the differences in long-term mortality between off-pump and on-pump coronary artery bypass graft surgery mostly had lengths of follow-up of no more than 5 years after surgery and reported inconsistent findings across studies.
WHAT THE STUDY ADDS
• This study examined the difference in 7-year mortality between off-pump and on-pump surgery in real-world practice and found that there is no statistically significant difference in 7-year mortality between the 2 types of CABG procedures. procedural information, major postprocedural outcomes, and disposition at discharge. For procedural information, the database includes the utilization of cardiopulmonary bypass and the conversion of off-pump to on-pump surgery. The cardiac procedures submitted to the CSRS are matched to the statewide hospital discharge data to ensure the completeness of case reporting. In addition, the state's utilization review organization reviews samples of the medical records for reported cases periodically to ensure the accuracy of the risk factors. The CSRS was used to identify the study population and to obtain baseline patient characteristics. The NDI is managed by the National Center for Health Statistics. This database includes all death records in the United States. In this study, the NDI was used to determine patients' vital statuses using patients' social security numbers collected in the CSRS.
Study Population and Outcome
From the CSRS data, a total of 8580 patients were identified as having undergone isolated CABG surgery with sternotomy and discharged between July 1 and December 31, 2000. The patients were classified as off-pump or on-pump patients, based on the intent to treat. A total of 2640 patients were initially treated by off-pump procedures, and 5940 patients were initially treated by on-pump procedures. Among the 2640 off-pump patients, conversions to on-pump surgery occurred in 43 (1.6%) patients. These 43 converted patients were treated as off-pump cases in the main analyses, but a sensitivity analysis was conducted with them in the on-pump group.
The outcome of interest in this study is mortality following surgery. The vital status of each patient was tracked from the date of surgery to December 31, 2007, using the NDI data. Every patient was followed for at least 7 years or until time of death, and the median length of follow-up was 7.2 years, with an interquartile range of 7.0 to 7.4 years.
Statistical Analysis
First, the differences in baseline patient characteristics in the offpump and on-pump patients were examined. The patient characteristics examined included age, sex, race and ethnicity, body surface area, body mass index, left main coronary artery disease (stenosis Ն50%), disease (stenosis Ն70%) of the 3 major epicardial coronary arteries, ejection fraction, history of myocardial infarction, hemodynamic state, various comorbidities, and history of CABG surgery and percutaneous coronary intervention. The differences in the prevalences of categorical baseline risk factors between off-pump and on-pump patients were examined using Pearson's 2 test, and the means of continuous variables in the 2 groups of patients were compared using Student t test.
Next, propensity matching was conducted to balance the distribution of patient baseline characteristics between the off-pump and on-pump patients in order to control for potential treatment selection bias because of the nonrandomized nature of this observational study. 11, 12 The first step in the matching process was to fit a logistic regression model (ie, a propensity model), which included all baseline risk factors as predictors of receiving off-pump surgery. This model was then used to calculate each patient's probability of receiving off-pump surgery. The log-odds of this probability is the propensity score. Then the off-pump and on-pump patients were matched to each other at a 1:1 ratio on the closeness of propensity scores. For a matched pair, the difference in propensity scores had to be no more than 0.6 times the standard deviation of the propensity score. 13 To evaluate whether the baseline risk factors were wellbalanced, the standardized differences between the 2 matched groups in the prevalence of risk factors were examined. A standardized difference Ͻ10% for a risk factor is usually viewed as evidence that it was well-balanced between the 2 treatment groups.
Using data from the pair-matched patients, the difference in survival between off-pump and on-pump surgery was examined, using Kaplan-Meier survival analysis with a test suggested by Klein and Moeschberger. 14, 15 The hazard ratio for death for off-pump surgery in comparison with on-pump surgery was obtained from a Cox proportional hazards regression model, with a robust sandwich estimator to account for the correlations within matched pairs that modeled the time to event (death) after the procedure using type of surgery as the single independent variable. 16, 17 In addition, subgroup analyses were conducted to evaluate whether the relative risk of death following off-pump and on-pump surgery was dependent on the presence of certain preselected baseline risk factors (age; sex; left main coronary disease; number of diseased coronary vessels; ejection fraction; and history of myocardial infarction, cerebrovascular disease, peripheral arterial disease, congestive heart failure, and diabetes). The significance of the interaction between a given risk factor and type of surgery was tested by fitting a Cox proportional hazards regression model with a robust sandwich estimator, in which the independent variables were type of surgery, examination of risk factor, interaction term, and other significant (PϽ0.05) baseline risk factors for death identified using a backward selection approach.
A sensitivity analysis was conducted, considering the possible impact of surgeons' experience on relative survival after off-pump and on-pump surgery. The risk-adjusted risks of the death between the 2 procedures were compared in a subset of matched patients, which consisted of 1265 off-pump patients operated on by highvolume surgeons (upper quartile) who performed off-pump surgery in Ͼ50% of their isolated CABG surgery cases and 1137 on-pump patients operated on by high-volume surgeons who performed on-pump surgery in Ͼ50% of their isolated CABG surgery cases.
All statistical analyses were conducted in SAS version 9.2 (SAS Institute, Cary, NC). Table 1 presents the prevalences (means for continuous variables) of baseline risk factors in the 2640 off-pump and 5940 on-pump patients. The off-pump patients were slightly older; more likely to have comorbidities such as cerebrovascular disease, peripheral arterial disease, left ventricular hypertrophy, congestive heart failure, extensively calcified ascending aorta, and renal failure; and have a history of open heart surgery and percutaneous coronary intervention. The on-pump patients were slightly more likely to be Hispanic, have slightly larger body surface areas, be overweight or obese, have left main coronary disease and three-vessel disease, have a history of myocardial infarction within 7 days, have undergone cardiopulmonary resuscitation prior to surgery, have chronic obstructive pulmonary disease, and have been transferred as emergency patients to the operating room after diagnostic catheterization. Also, the mean number of anastomoses was higher for on-pump patients (3.34 versus 2.69, PϽ0.001).
Results
A total of 2631 (99.7%) off-pump patients were pairmatched to on-pump patients. Table 2 shows that the distributions of baseline risk factors between the matched offpump and on-pump patients were well-balanced (all probability values Ն0.25). The standardized differences in prevalences or means of all risk factors were Յ4.3%.
Among the 2631 pair-matched patients, 48 (1.82%) offpump and 70 (2.66%) on-pump patients died within 30 days following surgery. The hazard ratio (HR) for death within 30 days for off-pump in comparison to on-pump surgery was 0.68 (95% confidence interval [CI]: 0.47 to 0.98), and it was marginally significant (Pϭ0.04). During the follow-up until December 31, 2007, 782 off-pump and 725 on-pump patients died, and HR for death was 1.10 (95% CI: 0.99 to 1.21, Pϭ0.07). The Figure shows that the respective 7-year survival rates for off-pump and on-pump surgery were 71.2% and 73.4% (Pϭ0.07). In a sensitivity analysis in which the patients who were converted from off-pump to on-pump were regarded as on-pump patients, the hazard ratio for death within 30 days was 0.49 (95% CI: 0.33 to 0.72; PϽ0.001), and the hazard ratio for death during the entire follow-up period was 1.10 (95% CI: 0.99 to 1.21, Pϭ0.08). Table 3 shows that the adjusted HRs range from 0.94 to 1.21 across all subgroups. The risk of death was significantly higher for off-pump surgery in patients who had ejection fractions of at least 40% (adjusted HRϭ1.18, Pϭ0.01) and was marginally significant in females (adjusted HRϭ1.21, Pϭ0.04), patients who had multivessel disease (adjusted HRϭ1.13, Pϭ0.03), and patients with no congestive heart failure (adjusted HRϭ1.16, Pϭ0.03), but all interaction terms between surgery type and all examined risk factors were not statistically significant (PϾ0.05). Therefore there was no conclusive evidence that the relative risk of death following off-pump and on-pump surgery was dependent on the presence of a particular risk factor.
In the sensitivity analysis that included the 1265 off-pump patients treated by high-volume surgeons who performed off-pump surgery in Ͼ50% of their cases and 1137 on-pump patients treated by high-volume surgeons who performed on-pump surgery in Ͼ50% of their cases, 331 off-pump and 285 on-pump patients died in the follow-up period until the end of 2007. The adjusted HR for death for off-pump compared with on-pump surgery was 1.12 (95% CI: 0.95 to 1.32, Pϭ0.17).
Discussion
In this propensity-matched study, we found that the risk of death within 30 days of surgery was lower for off-pump surgery compared with on-pump surgery and was marginally significant (HRϭ0.68, 95% CI: 0.47 to 0.98), Pϭ0.04), but there was no difference in 7-year mortality following offpump and on-pump CABG surgery (HRϭ1.10, 95% CI: 0.99 to 1.21, Pϭ0.07). Also, there was a lack of decisive evidence that the difference in 7-year mortality following these 2 procedures was dependent on the presence of a number of baseline risk factors.
The observed lower risk of short-term mortality for offpump surgery is consistent with the findings of our previous study that examined in-hospital/30-day mortality (adjusted odds ratio (OR)ϭ0.81, 95% CI: 0.68 to 0.97). 9 It is also consistent with the findings of a meta-analysis of observational studies by Wijeysundera and colleagues, which reported the OR for 30-day death was 0.72 (95% CI: 0.66 to 0.78) for off-pump compared with on-pump surgery. 7 In addition, there was a trend that the risk of 30-day death was lower for off-pump surgery in a meta-analysis of randomized clinical trials, though the difference was not statistically significant (ORϭ0.91, 95% CI: 0.45 to 1.83). 7 The finding in this study that the difference in 7-year survival between off-pump and on-pump surgery was not statistically significant (HRϭ1.10, 95% CI: 0.99 to 1.21) is similar to the findings of other observational studies that examined long-term (Ն5 years) mortality, although the findings of other studies varied with regard to statistical significance. In an observational study of 12 812 patients who underwent procedures in 1997 to 2006 in 2 hospitals and were followed through March 2007, Puskas and colleagues found nearly identical results to ours, with no difference in long- term mortality between off-pump and on-pump surgery (HRϭ1.09, 95% CI:0.95 to 1.25, Pϭ0.23). 18 Nonetheless, the observational study by Puskas and colleagues 18 and the current and past studies of our group 9,10 showed a trend of higher risk of long-term mortality for off-pump surgery, though the probability values were either not significant 9, 18 or marginally significant. 10 In a single-institution observational study that followed patients for as long as 12 years, with a median follow-up of roughly 5 years, Filardo and colleagues found that the risk of mortality was significantly higher for off-pump patients (HRϭ1.18, 95% CI: 1.02 to 1.38) 19 ; however, in another observational study, consisting of 219 patients in a single center, Gundry and colleagues reported no difference in 7-year between off-pump and on-pump surgery (80% versus 79%, Pϭ0.8). 20 The differences in 5-year or longer-term mortality between the 2 surgical techniques were also not statistically significant in 4 randomized trials. [21] [22] [23] [24] Puskas and colleagues found that the 7-year survival rates for off-pump and on-pump surgery were 83.7% and 73.7% (Pϭ0.09), respectively, in a randomized trial that enrolled 200 patients. 21 In a trial of 281 low-risk patients, van Dijk and colleagues found the 5-year mortality rates between off-pump and on-pump surgery were not statistically significant (8.5% versus 6.5%, Pϭ0.65). 22 In another trial of 308 patients conducted by Hueb and colleagues, the respective 5-year mortality rates for off-pump and on-pump surgery were 8.4% and 5.2% (Pϭ0.18). 23 In a pooled analysis of 2 trials, using the data of 401 patients in a follow-up period averaging 6 years, Angelini and colleagues found no difference in mortality between off-pump and 24 ; however, in a meta-analysis of 11 randomized controlled trials, with follow-up ranging from 1 to 6 years, 22,24 -33 Takagi and colleagues found that off-pump surgery was associated with increased mortality compared with on-pump surgery (relative riskϭ1.37, 95% CI: 1.04 to 1.81, Pϭ0.02). 8 Thus, none of the long-term studies shows that there is a significantly higher risk of long-term mortality for off-pump surgery, but the meta-analysis suggests that there may be a survival advantage in favor of on-pump surgery 8 ; however, the heterogeneity of the results of the long-term mortality studies also suggests that there is no definitive data in favor of long-term survival for either of the 2 surgical techniques.
In addition to examining the overall relative risk of death between off-pump and on-pump surgery, a subgroup analysis was conducted to test the significance of interactions between surgery type and a number of baseline risk factors. None of the interaction terms was statistically significant; therefore, no conclusive evidence was found to support that the relative risk of death between the 2 procedures is different across subgroups of patients, even though significant or marginally significant HRs were observed in 4 subgroups of patients who had ejection fractions of at least 40%, were females, had multivessel disease, and had no congestive heart failure.
When the comparison was limited to the off-pump and on-pump patients who were operated on by high-volume surgeons who performed more off-pump and on-pump surgery, respectively, the adjusted HR was 1.12 (Pϭ0.17). Therefore, the result of this sensitivity analysis was consistent with the overall relative risk of death (HRϭ1.10, Pϭ0.07).
A few advantages and limitations of this study are noteworthy when its results are considered along with other studies. First, a major advantage is that this study is population-based. This study included all eligible patients treated by any surgeon in any nonfederal cardiac surgery program in New York during the study period. Therefore the generalizability of this study is less likely to be a problem. Second, the rigorous data collection and validation of the CSRS data ensures the quality of the data. Third, this study evaluated the relative survival between off-pump and onpump CABG surgery in real-world practice. It can provide useful information complementary to the results of randomized trials. 34, 35 As for limitations, the most important one is that the treatments were not randomized as in clinical trials. To control for possible treatment selection bias, a propensity matching was conducted to ensure the baseline risk factors were evenly distributed between the matched patients. Although the possibility of selection bias cannot be eliminated, with the use of propensity matching, the propensity analysis improves the validity of this study. Second, to obtain longterm data on survival, this study had to use the data of patients who underwent procedures a decade ago. Therefore, the improvement in both off-pump and on-pump CABG surgery over time needs to be considered when the results of this study are extrapolated in the context of current clinical practice.
In summary, this study found that the difference in 7-year survival between off-pump and on-pump CABG surgery was not statistically significant. The finding adds more information to the knowledge on the outcomes of the 2 surgical techniques.
